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1. 
PROGRESS BEPORT NO.7 .. 
COUPON TESTS OF COPPER AT ... 321 DEGREES F .. 
I. INTRODUCTION. 
1. Object of Investigation 
This is the seventh in a series of progress reports 
dealing with the mechanical properties of several coppers at vari-
ous temperatures. Report No. 1 contained a description of the 
testing equipment and gave the results of some preliminary tests; 
Report No.2 dealt with the results of tests at room temperature 
on coupon specimens of the various coppers; Reports No.3, 4, 5 
and 6 contained the results of similar tests at +212 deg. F., +400 
deg. F.$ -40 deg. F. and -90 deg. Fo~ respectively. This report 
describes the results of tests at a temperature of -321 deg. F. on 
coupons of the same coppers. 
The object of the tests reported herein was the same as 
for the tests described in the previous reports, namely to obtain 
the mechanical properties of the materials at the prescribed test-
ing temperature of ~321 deg. F. These properties include yield 
strength, ultimate strength p initial stress-strain relation 
(modulus of elasticity)~ percentage reduction in area and percentage 
elongation in 2 inches. 
2. Acknowledgments 
The tests described in this report are part of an 
investigation resulting from a cooperative agreement between the 
Engineering Experiment Station of the UniverSity of Illinois and 
the Copper and Brass Research Association. 
The investigation is a part of the research program 
of the Department of Civil Engineering, and is under the general 
direction of N. M. Newmark, -Research Professor of Structural 
Engineering. The tests were conducted by N. A. Weil, Special 
Research Graduate Assistant~tn Civil Engineering, working under 
the direction of William Ho Manse, Research Assistant Professor 
of Civil Engineering. The special low temperature equipment 
described in this report was developed under the guidance of 
Ro J.- Mosborg, Research Associate in Civil Engineering. 
The Copper and Brass Research Association provided 
the funds and the material for this investigation. 
2. 
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II. DESCRIPTION OF THE TESTS 0 
3. Description of Materials 
The sheets from Which the coupon specimens have been 
cut were 36 ino wide and 96 ino long. Since there were three coppers 
in two tempers and of two thicknesses~ twelve different sheets of 
copper were necessary to make the coupon specimens required for the 
testing programo 
The mill report for these twelve copper sheets is given 
in Table 1. The temper of the sheets is given in Column 3, HRA indi= 
cating material which had been hot=rolled and annealed p and OR 5=7% 
indicating material which had been cold-rolled to a 5 to 7 per cent 
reduction. The type of copper is indicated by the mix number. Mix 
No. 100 designates Electrolytic Tough~Pitch Coppers Mix No. 101 
designates Deoxidized High=Phosphorous Coppers and Mix No. 103C 
designates Oxygen=Free High=Conductivity Copper. All of the copper 
sheets were annealed at 1150 dege Fo ·for one-half hour. As indicated 
above 9 the cold=rolled sheets were then given a final rolling at 
room temperature during which a 5 to 1 per cent reduction in thick= 
ness was producede 
These parent sheets were obtained from a large copper 
fabricator 9 who was requested that they be proces~ed in accordance 
with standard mill practice and to commercial t'olerances on thiCk= 
ness 9 length9 width9 flatness and squareness. 
4. 
The coupon specimens were machined in the laboratory 
from rectangular strips cut from the parent sheets as shown in 
Figo 1. Since each material was to be tested in duplicate at six 
temperatures D stressed in directions both longitudinal with and 
transverse to the direction of rolling p a total of twenty-four speci-
mens was crut from each Sheet as shown. The twelve parent sheets~ 
therefore, provided a total of 2g8 coupon specimens to be tested in 
tension. 
The details of the specimens are shown in Fig. 2. This 
specimen is in accordance with the recommendations of the A.S.T.M. 
Specification No. E8 .... 46 for Tension Testing of Metallic Materia.ls. 
The width of the specimen in the central portion is 1/2 in. :0.005 in. 
This same tolerance and width apply to the specimens both l/g-in. 
and l/4-ino thick. The gage length of 2 inChes is located on the 
central portion of the specimen where the width is constant and the 
edges are milled. 
Each of the 288 coupon specimens has been numbered in a 
manner which indicates the conditions of the test o the type of 
material p the thickness of the material an~ also the specimen number. 
The designation which provides these data is in accordance with the 
following system: 
The first symbol indicates the base material and thick-
1 = Electrolytic Tough-Pitch Copper» lIB-in. thick. 
2 .... Deoxidized High .... Phosphorous Copper!) l/g=in. thick. 
3 .... Oxygen-Free High-Conductivity Copper p l/g-ino thick. 
4 - Electrolytic Tough-Pitch Copper g l/4=in. thick. 
5 - Deoxidized High-PhosPhorous Copper 9 l/4-in. thick. 
6 .... O:xygen-Free High=Conductivity Copper, 1/4 .... in. thick. 
The second symbol indicates the temperature at which 
the test is conductedg 
A.... =40 degoF. 
B .... Room temperature (approximately 75 deg. Fa) 
C.... +212 deg. ]'0 
D - +400 deg. F. 
E "'90 dego F. 
F - -321 dego F. 
The third s,ymbol indicates the direction of the long 
axis of the specimen with respect to the direction of rollingg 
L = Longitudinal directiono 
T - Transverse directiono 
5· 
The fourth symbol indicates the temper of the materialg 
A = Hot-rolled and annealed materialo 
0.... Cold-rolled to a 5 to 7 per cent reduction. 
,/, 
The fifth symbol indicates Whether the particular speci= 
men is the first or second of two duplicate specimens. 
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Following this systemg No. 4 BTA-2 would designate a 
specimen of Electrolytic Tough-Pitch Oopper in the an~ea1ed state, 
1/4-in. thick9 tested at room temperature~ with the long axis of 
the specimen transverse to the direction of ro~-q-ng9 and the second 
of two identical specimens. This system is use~ throughout the 
entire report for designating the specimens g thereby making it 
possible to determine the complete description of the test and 
specimen from on~ the specimen numbero 
4. Equipment and Test Procedure 
The tensile coupon tests of various coppers described 
in this report were conducted in a 120 OOO-lb. Ba1dwin-Southwark 
Hydraulic Universal Testing Machine o A new set of pull-heads was 
designed for this series of 'tests which would (1) have the least 
possible volume and thereby provide for the greatest possible 
economy in liquid nitrogen consumption per tests and (2) eliminates 
as far as possiQ1e g any eccentricity of loading whiCh might influ-
ence the test result s at the extremely low testing temperature of 
this series. The first aim was achieved with the 10 OOO-lb., pu11= 
head shown in Fig. 3. Since the steel of the pull-heads becomes 
very brittle at the temperature of liquid nitrogen 9 serious stress 
concentrations were avoided by rounding off all the sharp corners. 
The specimen was gripped by the serrated faces of the 
hardened steel jaws which tightened on the specimen as the load was 
increased during the test. The use of fill plates made it possible 
to use the same set of pnll=heads to test both 1/8~ino and l/4-in. 
thick specimens. The self-centering action of the pull=heads was 
accomplished with a spherical seat accommodating the spherical nut 
of the pu.lll""'l"od g as shown in Fig. 3. This connection along with 
the spherical bearings provided in the testing machine and the self-
centering heat=insulating jointg Figo 49 gave an assembly which 
eliminates g as far as possibleg any eccentricity of loading on the 
specimeno 
The mechanical extensometer used in these tests consisted 
of two brackets placed at the ends of the 2~ino gage sectiono The 
upper bracket supported two dials mounted opposite each other on 
brass rods g while the lower bracket was linked by thin connecting 
rods to the plunger of each dial. Any bending due to small eccen= 
tricities remaining in the testing equipment was eliminated by com= 
puting the average of the two dial readings. To eliminate excessive 
cooling of the dials g a 2 l/2=in. length of polystyrene insulation 
was fitted to the top end of the supporting and connecting rods o 
This proved to be a very effective insulation g and allowed the dials 
to operate at slightly below room temperatureo The specimen 9 pull= 
head and extensometerg assembled in a complete unit9 are shown in 
Figo 30 In making this assemblY9 extreme care was taken to center 
the specimen and jaws and to place the extensometer in its proper 
position on the specimeno The entire unit was then placed in a 
lining tanko This assembly was next placed in an outer insulating 
tank whiCh was mounted in the testing machine. A sketch of the 
low temperature equipment with the lining tank containing the test 
assembly is shown in Figo 48 A view of the assembled testing appa= 
ratus and equipment for a coupon test at =321 dego F0 9 is shown in 
Figo 50 
The temperature of the specimen was obta.ined by means 
of a single copper-constantan thermocouple attached to the center 
of the specimen with a strong brass clipo An automatic recording 
potentiometer was used with this thermocouple to give a continuous 
record of the temperature of the specimen during the testo For 
better accuracy a carefully calibrated9 manually operated potenti= 
ometer was aJ.so placed in the circuit of the thermocouple and was 
used at intervals to obtain an accrurate measure of the temperatureo 
The variation of temperature during the test was generally within 
the eensitivity of this instrument g :1/2 dego Fo 
After the testing equipment was assembled o liquid nitro= 
gen was forced into the lining tank under pressnre o Following the 
initial cooling period 9 the pressure of the liquid nitrogen was 
adjusted so as to maintain a flow which would keep the ~lTface of 
the liquid nitrogen in the lining tank about 1 ino above the top of 
the upper pull head o This assured complete immersion of the pull= 
9· 
heads and testing assembly during the entire test and maintained a 
constant temperature of the test unit. 
Heat loss in the test apparatus was reduced to a minimum 
by using a double insulated tank around the testing assembly. The 
inner insulation consisted of the air space between the lining tank 
and the insula.ting tank. The outer insulation was provided by the 
insulating ta.nk~ whose double walls enclosed a powder .... like insula .... 
tion ca~led Santocel. Each of the pull rods was constructed to 
include an insulating" joint. For the bottom pull rod this insulat-
ing joint was built rigidly into the insulating tank, whereas the 
top insulating joint was constructed to allow for a lim! ted amount 
of self-centering action by means of thick felt washers. The insu~ 
lating system just described is shown in detail in Fig. 4. 
Approximately four minutes were needed to fill the lining 
tank with liquid nitrogen and to reduce the temperature gradients 
within the testing assembly. These conditions were then held con~ 
stant for approximately 10 minutes to allow the boiling of the nitro-
gen to subside before the t est was started and to assure uniform tem= 
perature throughout the test assemblyo The average durat ion of the 
test was 20 minutes, and the con~tion of liquid nitrogen per test 
was apprOximately g liters. A typical time-temperature record for 
these tests is shown in Fig. 6. 
10 .. 
Upon completion of the test~ the specimen was allowed to 
warm up. Measurements of elongation and area of fracture were made 
after the specimen had. returned to room temperature. 
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III. BESULTS OF TEE TESTS. 
5. Results of Tests 
The pnrpose of the tests described in this report, as 
stated previously~ was to obtain the mechanical properties of three 
different coppers at the temperature of -321 deg. F. These proper-
ties have been expressed asg yield strength, ultimate strength, 
percentage reduction in area, percentage elongation in 2 in. p and 
initial slope of the stress-strain curve. the latter generally being 
referred to as the modulus of elasticity. Two values of the yield 
strength have been reported. One is the stress in pounds per square 
inch corresponding to an offset of 0.2 per cent from the initial 
straight portion of the stress-strain diagram; the other is the stress 
in pounds per square inch corresponding to a strain of 0.5 per cent. 
Typical stress-strain diagrams are shown in Fig. 7. This 
figure shows the construction for determining the initial slope of 
the stress-strain diagram and also for determining the yield strength 
by the "0.2 per cent offset" and the "0.5 per cent elongation" 
methods. 
The stress-strain diagrams for all of the specimens tested 
at =321 deg. F., are shown in Jigs. g to 11, inclusive. The curves 
of Fig. g pertain to the lIB-in. longitudinal specimens, those of 
Fig. 9 are for the lIB-in. transverse specimens, those of Fig. 10 are 
for the l/4-in. longitudinal specimens, and those of Fig. 11 are for 
the 1/4-in. transverse specimens. It can be seen from these curves 
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that the duplica.te specimens gave very consistent results. The frac-
tures of all of the specimens are shown in Figs. 12 and 13. 
The results for all of the tests conducted B.t ... 321 deg. F. 
are presented in Tables 2 and 3. Average values of the various prop-
erties 9 based on the values for the individual specimens as given in 
Tables 2 and 3, are given in Table 4. The tests were all conducted 
at a temperature wi thin +1 degree of .... 321 deg. F. 
-
6. Discussion of Results 
The mechanical properties of the various coppers are 
discussed in the following sections. 
A. Yield Strength. 
Values of the yield strength for the various coppers 
as given by the "0.2 per cent offset" method, are given in Fig. 14. 
The values of the corresponding property as obtained by the "0.5 per 
cent elongation" method, are given in Fig. 15. Each of the points 
plotted in these figures represents the average of the two duplica.te 
tests. 
The values of the yield strength determined by the 
two methods are given in Columns 3 and 4 of Tables' 2 and 3. As can 
be seen from these tables, the values of yield strength determined 
by the 0.5 per cent elongation method were always higher than the 
corresponding values determined by the 0.2 per cent offset method. 
The difference was about 9 per cent for the annealed coppers and 2 
per cent for the cold-rolled coppers. 
In general, the yield strength of the cold-rolled 
coppers was higher for loading longitudinal with the direction of 
rolling than for loading transverse to the direction of rolling, 
the difference being of the order of about 7 per cent. The opposite 
was true for the annealed specimens. These specimens exhibited a 
9 per cent higher yield strength when loaded transverse to the direc-
tion of rolling~ than when loaded parallel with the direction of 
rolling. Exceptions to these statements were the l/4-in. electrolytic 
copper specimens. It was also found that, in general, the yield 
strength of the l/8-in. specimens exceeded that of the l/4-in. speci-
mens. The only exception to 'this statement was the cold-rolled deox-
idized copper9 for which the l/4-ino-transverse specimens had the 
higher yield strength. 
The yield strength was approximately 206 times as 
great for the cold-rolled specimens as it was for the annealed speci-
mens. 
The relativ~ yield strengths of the three coppers in 
the cold-rolled condition were not consistent with the relative yield 
strengths of the same coppers in the annealed condition. This may 
have been due to small differences in the cold rolling reduction, 
since the cold working had a large effect on the yield'strength. For 
the coppers in question the percentage reduction in rolling was speei-
fied to be between 5 and 7 per cent. This is a range of 33 per cent, 
a difference great enough to cause a considerable variation in the 
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increase in yield strength due to rolling. Of the coppers tested, 
the oxygen-free high-conductivity copper had the highest average 
yield strength in the annealed condition, and the electrolytic tough-
pitch copper had the highest average yield strength in the cold-
rolled condition. However, the differences were not great in either 
instance. 
B. Ultimate Strength. 
Values of the ultimate strength for the various coppers 
are shown in Fig. 16. I t can be seen from thi s figure tha.t the ul t i-
mate strengths of all the coppers tested, the average of two test s in 
each instance, fell within the relatively small range of 48 900 p.s.i. 
to 55 600 p.s.i. However, within this range, the follOwing relations 
are apparent. 
For all the coppers tested, the cold-rolled specimens 
were all slightly stronger than the corresponding annealed specimens. 
The values of ultimate strength were greater for all 
of the coppers when the specimens were loaded longitudinal with the 
direction of rolling than when loaded transverse to the direction 
of rolling. 
The influence of the thickness was demonstrated by 
the fact that the ultimate strength was always higher for the liS-in. 
thick material than for the l/4-in. thick material. 
ConSidering all categories, the electrolytic tough-
pitch copper appeared to be slightly stronger than the other coppers 
in the cold-rolled temper, and the oxygen-free high-conductivity 
copper was slightly stronger than the others in the annealed temper. 
However, the differences were small. 
c. Modulus 2! Elasticity. 
Values of the modulus of elasticity for the various 
coppers, as given by the initial slope of the stress-strain curves 
shown in Figs. 8, 9, 10 and 11, are given in Fig. 17. The average 
values for the duplicate specimens vary from 14.6 x 106 p.s.i. to 
18.3 x 106 p.s.i. The average values, however, are 17.0 x 106 p.s.i. 
for the cold-rolled coppers and 17.2 x 106 p.s.i. for the annealed 
coppers. 
There was no consistent relation between the modulus 
of elasticity and either the tamper of the material, the direction 
of loading with respect to the direction of rolling, or the thick-
ness of the material. However 9 the overall average values given in 
.Table 49 separate the three coppers tested in the same sequence for 
either the annealed or cold-rolled temper. The electrolytic tough-
pitch copper exhibited the highest value for the modulus of elasti-
city, followed in order by the deoxidized high-phosphorous and 
oxygen-free high-conductivity coppers. 
D. Percentage Elongationo 
The percentage elongation in 2 in. for the various 
coppers is shown in Fig. 18. This figure indicates that the elonga-
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tion, in general, was less for the liB-in. material than for the 
l/4-in. material, with the exception of specimens 5 FTA of l/4-in. 
annealed deoxidized high-phosphorous copper. It is also of inter-
est to note that the annealed material usually elongated more than 
cold-rolled material, and that specimens transverse to the direc-
tion of loading had. in generals a larger elongation than the longi-
tudinal specimens for both annealed and cold-rolled coppers. How-
ever, there were several exceptions to each of these statements. 
The average values for the elongation in 2 in. was 62.4 per cent 
for the annealed coppers ·and 55.9 per cent for the cold-rolled cop-
pers. 
E. Reduction!!!. Area. 
The average percentage reduction in area at failure 
for the various coppers is given. in Fig. 19. This figure, along 
with the data of Tables 2 and 3, seems to indicate that the percent-
age r.eduction in area for the various coppers is quite erratic. 
However, a detailed examination of the fractures of the specimens 
indicates that two distinct types of fracture occurred, a 45-degree 
shear type and a cup type. Typical fractures of these two types are 
shown in Fig. 20. The types of fracture, shear and cuP. are indi-
cated on the diagrams of Fig. 19 by the letters, S and Ot respectively. 
Specimens exhibiting a combined Shear and cup-type fracture are desig-
nated by O. In general, the 45-degree shear fracture was accompanied 
by a smaller percentage reduction in area than the cup type fracture. 
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The average percentage reduction in area was about 51 per cent for 
the 45-degree shear fracture, about 71 per cent for the cup type 
fracture and about 64 per cent for the intermediate type fracture. 
Although most of the other influences were overshad-
owed by the large effect of the type of fracture 9 the figure reveals 
that neither the direction of loading with respect to the direction 
of rolling, nor the thickness of the specimen or the temper of the 
material had ~ appreciable effect- on the percentage reduction in 
area. 
lS. 
IV • SUMMARY OF RESULTS. 
7. Summary of Results 
The results of the static tensile tests of coupon specimens 
of copper at -321 deg. F. may be summarized as follows: 
(1) For similar coppers, sheets that had been cold~ 
rolled had a yield strength about 2.6 times a.s grea.t as sheet s which 
were annealed. However 9 the ultimate strengths of the sheets finished 
by the two methods did not differ greatly. 
(2) In general, the yield strength of the cold-rolled 
copper was a little higher when loaded parallel with the direction of 
rolling than when loaded transverse to the direction of rolling. The 
opposite was found to be true for the annealed specimens. Exceptions 
to these statements were the l/4-in. thick electrolytic tough-pitch 
copper specimens. 
(3) It was also found that, in general 9 the yield 
strength of the l/S=in. specimens exceeded that of the 1/4-in. speci= 
mens p the only exception was the cold-rolled deoxidized high-phosphor-
ous copper for which the l/4=in. transverse specimens had a slightly 
higher yield strength. 
(4) The ultimate strengths for all the coppers tested p 
the average of two tests in each instance 9 fell within the relatively 
small range of 48 900 p.s.i. to 55 600 p.s.i. However p within this 
range 9 the cold-Dolled specimens were all slightly stronger than 
the corresponding annealed specimens. 
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(5) The values of, the ultimate strength were greater 
for all .coppers when loaded longitudinal ~~th the direction of roll~ 
ing than when loaded transverse to the direction of rolling. 
(6) The ultimate strength was alw~s slightly greater 
for the I/g .... in. than for the l/4-in. thick' specimens of each copper. 
(7) The average ultimate strength in-the cold .... rolled 
condition was slightly greater for the electrolytic tough-pitch 
copper than it was for either the deoxidized high-phosphorous copper 
or for the oxygen-free high-conductivity copper. In the annealed 
condition, the oxygen~free high-conductivity copper had a slightly 
greater ultimate strength than the other two coppers tested. However, 
the differences were small. 
(g) Values of the modulus of elasticity of the various 
6 6 coppers fell trlthin the range of 14.6 x 10 p.s.i. to 18.3 x 10 pos.i. 
(9) The percentage elongation in 2 in. was, in general, 
less for the lIS-in. thick than for the l/4-in. thick materia1 9 with 
the exception of specimens 5 FTA of l/4-in. annealed deoxidized high= 
phosphorous copper. Furthermore!) the annealed materia.l usually elon= 
gated more than the cold-rolled material, and transverse specimens had, 
in generals a larger elongation than the longitudinal specimens for 
both annealed and cold-rolled coppers. Eowever 9 there were several 
exceptions to each of these statements. 
(-
~., . 
r.. 
~- . 
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The following statements are all based on the average 
mechanical properties gi van in Table 4. 
(10) The average yield strength corresponding to a 
0.2 per cent offset for the various annealed coppers varied within 
the range of 9 770 p.s.i. to 10 110 p.s.i. The corresponding values 
for cold-rolled coppers were 26 500 p.Soi. to 27 880p.s.i. 
(11) The average yield strength corresponding to a 
0.5 per cent elongation for the various annealed coppers varied 
within the range from 10 720 p.s.i. to 11 020 p.s.i. The correspond-
ing values for the cold-rolled copper's were 26 930 1' .. so i. to 28 430 
p.s.i. In each instance, the yield strength as obtained by the 0.5 
per cent elongation method was slightly greater than that obtained Qy 
, the 0.2 per cent offset method. 
(12) The' average ultimate strengths for the various 
annealed coppers ~anged from 49 750 pos.i. to 50 380 p.s.i. The cor-
responding values for the cold-rolled coppers were 51 930 p.s.i. to 
52 400 p.s.i. 
(13) The average percentage reduction in area for the 
various annealed coppers ranged from 58.0 per cent to 71.0 per cent. 
The corresponding values for the cold-rolled coppers were 52.7 per 
cent to 68.6 per cent. These values are irrespective of the type of 
failurec However, the reduction in rares seems to depend on whether 
the fracture is a full shear type, a cup type or en intermediate type. 
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The average percentage reduction in area was about 51 per cent for 
the shear type, about 71 per cent for the cup type and about 64 per 
cent for the intermediate type fractures. 
(14) The average elongation in 2 in. for the annealed 
coppers varied from 60.2 per cent to 64.9 per cent. Corresponding 
values for the cold-rolled coppers were 53.3 per cent to 57.8 per 
cent. 
(15) The average modulus of elasticity for the 
annealed coppers varied from 16 700 000 p.s.i. to 17 780 000 p.s.i. 
Oorresponding values for the cold-rolled coppers were 16 480 000 
p.s.i. to 17 550 000 p.s.i. 
~T'~'~r''': 
TA'BIiI 1 .. 
MILL SPORT FOR OOPP.mR SHEETS. 
Item Finished Temper· Mix** Oake Size Br,eekdow. Out Up 
Sizel , In. Number 
(1) (2~) (3) (4) (5) (6) (7) 
1 36x96:::.125 H.R.A. 100 13 x 26x4 l1 oo 2o¢ x 5/8 37~ X20¢ X5/S 
1 1 1 2 36 Jt916x. 250 H~R.A. 100 13 x 26x4.oo 37f x 5/S 372 X414' X5/S 36x96x.125 H.R.A. 1 37~ X20~ x5/ S 3 101 22'2 x 29x4. 00 37'2 x 5/8 
4 3~x96x.250 H.R.A. 101 2~ x 29x4.00 37~ x 5/S 37~ x41~ x5/S 
5 36x96x.125 H.R.A. ")1t$30 13 x·~.!'OO 20~ x 5/8 31~ :X20~ xs/S 
6 36x96:X0250 HoRClA. 1030 13 x 26x4.00 37'~ x 5/8 31~ x41~ X5/8 
1 36~~6x.125 OR 5 .... 7t1> 100 13 x 26x4000 21.~ :x 5/8 38 x21~ X5/8 
8 36x96x.250 OR 5 .... 1tf, 100 13 x 26x4.00 3S: % 5/8 38 %42 x5/8 
9 36x96x.125 OR 5-1~ 101 22~ x 29x4.00 3f~ x 5/8 38 x21~ x5/8 
16 : 36~36x .. 250 OR 5"'7~ 101 2~ x 29x4.00 38 x 5/8 38 x42 x5/8 
11 36x96%.125 OR 5-7'" 1030 13 x 26%4.00 2JL~ ~ 5/8 38 X21~ x5/8 
12 36x96x.250 OR 5""1% 1030 13 x 26x4.00 3~~ - x 5/8 38 x42 x5/8 
* J8:.R.A. Indicates "hot-rolled and anneliledN• 
, OJR 5-1% Indicates Nco1d-rolled to 5""'7% reduction"o 
*. l~ix 100 - 99.9~ Copper 
:Mix 101 .... 99.9·~ Copper\! 0.015 .... 0.035% Phosphorous. 
:Mix 103C '"" 99.96~ Copper 
Rot Roll Anneal Oold Roll, 
In. 
(8) (9) (10) I 
1 1 372" x98 x.125 1150CJ!'1 hr. ------- I 
1 Thermo oak: ! 37'2 :K98 x ... 250 " " II .. ------- I 
37~ x98 x.125 ·1 .. 11 II n c=-_____ CID 
1 
" 
II It 
" 
372 x9S x.250 
______ ac:J 
31~ x98 x.125 
" 
eo 
! 11 
" 
____ OIiIIIC!III'ec::t 
1 II It It 
" 
31'2 x98 x.250 -------
38 x94 x.133 'I It It " 38 xlOO x.125 I 1 
I 
I 
38 x94 x.266 II It 
" 
.. 38 :dOO x.250 ! I 
1 
38 x94 x.133 It It .. " 38 xl00 x.125 I 
38 x94 %.266 
" " 
tI 
" 38 xlOO x.250 
38 x94 x.133 
" 
11 11 
" 38 xloo x.125 
38 x94 x0266 
" " " 
N 38 x100 x.250 
I 
--
~ 
. 
~rt:~~t ~t'f·~',~: 
TA.'BLE 2. 
SUMMARY OF RESULTS. COUPON TESTS AT .... 321 DEG. F. 
SPECIMENS LOADED LONGITUDINAL WITH DIRECTION OF ROLLING. 
Nominal Yield Strength in Ultimate Reduction Elongation 
Specimen Thickness 1000's of p.s.i. Strength of Area" in 2 Inches, 
No. of Coupon 0.2% 0.5% in 100O~;s per cent per cent 
in Inches offset E1ang. of p.s.i. 
(1) (2). (3) (4) (5) (6) (7) 
Electrolytic Tough=Pitch Annealed Copper 
1FLAaol. 0.125 10.40 11008 5004 57.9 60.0 
lFLA=~~ 0.125 9.70 100 62 50.3 4500 55.0 
Av 0.125 10.05 11.15 50.1+ 51·5 57·5 
4FLA=1 0.25 8044 ~~4b 1+9.3 70.2 08.5 
4FLA=~~ 0.25 9·21 10006 49.3 7706 69.0 
Av 0025· 8.83 9076 4903 7009 08.8 
Electrolytic Tough .... Pitch Cold=Ro11ed Copper 
IFLe .... ]. 0.125 30.70 30090 550-6 51 .. 8 46 .. 0 
IFLa=2 0.125 37.50 370Go 55.5 52.0 4400 
Av 0.125 37010 37.25 55 .. 6 51·9 45.0 
1.I-F ID b.~; 0.25 19022 190bO 50.9 51·9 03.0 
4FW=~~ 0.25 19·22 19070 50.9 60.2 6495 
Av 0.25 19·22 19005 5009 56.1 63.8 
Deoxidized High~Phosphorous Annealed Copper 
2FLA=l 0.125 10,.44 11.40 50.7 66.7 56.5 
2FLA=c~ 0.125 10.60 11.40 50.9 61·5 55. 0 
Av 0.125 10·52 11.40 50.8 64.1 55.8 
5FLA.,.,l. 0.25 8.53 9.68 4906 52·9 53.0 
5FLA=~~ 0.25 7.65 8080 50.2 56.6 64.5 
Av 0.25 8009 9.24 49.9 54.8 58.8 
Modulus of 
Elasticity in 
6 10 pos.io 
(8) 
17.15 
18075 
18.00 
18.75 
17 .. 70 
18020 
17 .. 80 
17.04 
17.40 
17·80 
16.20 
17.00 
: 
17.90 
11.25 
17.00 
'17.90 
16.80 
11.40 
I 
I 
I\) 
Vol 
• 
~~~~ .. , 
S:pecimen Nominal 
No. Thickness 
of Coupon 
in Inches 
(1) (2) 
2FLO=1 0.125 
2F LO <=2 0.125 
Av 0.125 
5FLC=1 0.25 
5:8'10=2 0.25 
Av , 0.25 
3FLA=1 0.125 
31FLA=2 0.125 
Av 00125 
E,FLA=1 0 .. 25 
6FLA=2 0.25 
Av 0.25 
3FLO=1 0.125 
~)FLO=2 00 125 
Av 0.125 
EiFLO=T 0025 
GFLa=2 0.25 
Av 0025 . 
TABLE 2. (Concluded). 
Yield Strength in Ultims.te Reduction Elongation 
1000RS of p.s.i. Strength of Area, in 2 Inches p 
0.2% 0.5% in 1000 9 s per cent per cent 
offset Elongo of p.s.i. 
(3) (4) (5) (6) (1) 
Deoxidized High-Phosphorous Cold-Rolled Copper 
28.10 29.00 53·3 62.4 5005 
28.66 28.96 53.0 61.5 47.5 
28.b8 28.98 53·1 6200 49.0 
26 .. 20 26 .. 60 52·7 67 .. 6 62.0 
26060 26080 5109 7205 61.5 
2b.4-0 2b·70 5203 10.1 6108 
Oxygen=Free High=Conductivity Annealed Copper 
100 69 11040 51112 73.9 5600 
10080 11.60 5100 7600 60.5 
10.70 11.50 51 .. 1 7405 58.,3 
8033 9.88 4909 o£LO 6105 
8.70 9.56 49.7 7608 6905 
8.,52 9.12 4908 72.4- 08 .. 5 
Oxygen=Free High=Conductivity Oold=Ro11ed Copper 
30.70 31030 55 .. 0 6001 4300 
30.00 30050 53,,9 61.2 43.5 
30.35 30.90 54 .. 0 61.0 43 .. 3 
26.80 26.90 51.·9 72 .. 6 62.5 
28.40 28070 5208 7102 61aO 
27.60 27.80 52.4 7109 6108 
Modulus of 
Elasticity in 
6 10 p.s.i. 
(8) 
111140 
16080 
11,,20 
16015 
16022 
10.20 
15.40 
17 .. 30 
16040 
10020 
16.90 
16060 
18 .. 06 
17.34 
17.70 
16 .. 32 
16 .. 68 
16.50 
I 
.', "."""~",'IlI 
ro 
+" 
~~~p?'~;rr.'1'''·~;' 
Nominal 
Specimen Thickness 
No. of Ooupons 
in Inches 
(1) (2) 
lftA=l 0.125 
lJJ'TA=2 0.125 
Av 0.125 
~FTA=l 0.25 
4FTA=2 0.25 
Av 0.25 
-, 
1FTO=1 ,00125 
IFTO=2 ... ·'O·~~125 
Av 0.125 
4FTC=1 0 .. 25 
4FTO=2 0.25 
Av 0.25 
2FTA=l 0,,125 
2FTA=2 0,,125 
Av 0.125 
5FTA=>l 0025 
5FTA=2 0.25 
Av 0.25 
T.A"B I£ID 3. 
SUMM.ARY OF BEsums. OOUPON TESTS AT .... 321 DEG. F. 
SPEOIMENS LOADED TRANSVERSE TO DIREOTION OF ROLLINGo 
Yield Strength in Ultimate Reduction Elongation 
10008 a of pes.io Strength of Area 9 in 2 Inches& 
O.~ Oo5~ in 1000 88 per cent per cent 
offset Elong. of pos.io 
(3) (4) (5) (6) (7) 
Electrolytic Tough-Pitch Annealed Oopper 
11.21 12.00 50•0 46.2 53·5 
11 .. 92 12078 50·7 47.6 5505 
11 • .56 12039 50 •4 46.9 5405 
9034 10.38 49.0 7602 67.0 
7.90 8.80 48.7 77.5 6900 
8 .. 62 9.59 48.9 76.9 6800 
Electrolytic Tough=Pitch Oold~Rolled Oopper 
34.60 35·30 53.~ 5201 5105 
34 .50 35020 52) 51 .. 6 4705 
34-055 35025 5300 5109 4905 
20068 21050 50.0 5205 57·5 
20.62 21.60 50.2 4901 52.0 
20.65 21055 50,,1 5008 5408 
Deoxidized High=Phosph~rous Annealed Oopper 
14.04 14052 5000 6902 65.0 
11.10 12.00 5004 66Q5 6600 
12057 13026 50·5 6709 6505 
8040 9020 49.3 4609 62.5 
8.22 9.30 49.4 4307 58.5 
8.18 9025 49'~'4 4503 6005 
Modulus of 
Elasticity in 
6 10 p.soi. 
(8) 
17.06 
16.90 
17.00 
16.90 
18.90 
17.90 
17070 
17.26 
17·50 
17.80 
18,,80 
18030 
1704-0 
16.78 
17010 
15.80 
16.70 
16030 
,~ 
I 
I 
i 
f\) 
\J1 
• 
Sp~;,cimen Nominal 
No. Thickness 
of Coupon 
in Inches 
(1) (2) 
2FT1C"",1 0.125 
2FTO=2 0.125 
Av 0.125 
5FTCao1 0.25 
5fTC=2 0025 
Av' 0025 
3FTA=1 00 125 
3F'l'A=2 0.125 
Av' 0.125 
6F~'A=1 0025 
GF'l'A""2 0025 
Av' 0.25 
3F'1~O=1 0.125 
3F'l~O=2 00125 
AY 0.125 
6J'~~O=l 0.25 
6F~~C=2 0025 
A"r 0025 
't;~··~~--n,,:~'r11(':.~: 
~ABtm 3. (Ooncluded). 
Yield Strength in Ultimate Reduction Elongation 
1000ls of pos.i. Strength of Area, in 2 Inches, 
O.~ 0.5" in 1000.s per cent per cent 
offset E1ollgo of p.s.io 
(3) (4) (5) (6) (7) 
Deoxidized High~Phosphorous Oold~Rolled Oopper 
25.10 26.0b 51.4 72.0 48.5 
25.20 25.90 51.3 64.5 56.0 
25.15 25098 51.lI- 68.3 52.3 
26010 26070 51.1 72.4- 63·5 
25.40 25.40 5007 6803 62.5 
25.75 26.05 50.9 70.4 63. 0 
Oxygen=Free High-Conductivity Annealed Copper 
11.89 12 • .61 50.8 6505 61·5 
. 12010 12.90 51.1 72.7 64.5 
12.00 12075 51.0 69·1 63.0 
9.34 10 0 24 49.5 69.4 68 .. 5 
9.10 10.00 49.6 66.4 1100 
9·22 10 0 12 49·6 61 .. 9 6908 
Oxygen=Free High~Conductivity Co1d=Ro11ed Copper 
28.24- 28·90 52·9 68.0 60.5 
28050 28090 52.4 10.4 56.5 
28037 28.90 52·7 69.2 5So.5 
22038 23.00 50.1 72.1 67.5 
22068 23030 50.5 12.1 6705 
22053 23.15 50.3 72 .. 1 6705 
Modulus of 
lIilgstici ty in 
10 pos.i. 
(8) 
1b.bb 
18·52 
17 .. 60 
16090 
17·10 
17·00 
16090 
17 .. 25 
17.10 
16020 
17015 
1b.70 
14.76 
14050 
14060 
17000 
17028 
17.10 
I 
I 
I 
I\) 
0"'\ 
II 
*WM*'·M~~~lr.ii·_'1#Nttt#t1t#i¥¥4&f>N#~'!¥¥¥#W§k'k~t,i~f'##~~'tt!·\~¥W*h(Y~4¥i~i¥Wt~~~"~*¥~&\.i~_it~¥i$'#WiJ#IPiji¥$M*$';;fF*¥.·;l\¥;W\·W·f4}#4f$~~lI\'$~~ 
JBase 
Mal~eria1 
(1) 
EIIBctrolytic 
Deoxidized 
OX;1gen=Free 
High= 
Conductivity 
Average 
Electrolytic 
Deoxidized 
OxygencJrree 
Hlgh<= 
o olnductivity 
Av'erage 
TABLE 4. 
SUMMARY OF AVERAGE MEOHANIOAL PROPERTIES ml' VARIOUS OOPPlllRS 
FROM OOUPON SPEC IMENS 0 TESTS M = 321 DEG. F 0 
Temper Yield Strength in Ultimate Reduction Elongation 
1000's of poSo!e:.., Strength of ArealJ in 2 Inches p 
00·2% 0·5% in 10CO t e -per cent per cent 
offset Elong~, of p.s.i. 
(2) (3) (4) (5) (6) (7) 
Annealed 9.77 10.12 49.75 6301 62.2 
Annealed 9.84 10.79 50015 5800 60.2 
Annealed 10.11 11002 50.38 71 0 0 64.9 
9·91 10.84 50.09 64.0 6204 
Oold=rolled 27088 28.43 52040 5f~.1 "53.3 
Oold.,..rril1ed 26.50 26093 51.93 67' .1 56.5 
Oold-rolled 21.21 21069 ~2035 68.6 51.8 
27.20 27.68 52.23 6~).0 55·9 
Modulus of 
Elasticity in 
6 10 pos.i. 
(8) 
17.18 
11010 
16.10 
17019 
17055 
11.00 
16.48 
17.01 
) 
(\) 
-.I 
. 
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FIG. TYPICAL CUTTING DIAGRAM FOR COPPER SHEETS. 
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